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MAGNETIC POWDER, COMPRESSED POWDER CORE, METHOD OF PREPARATION

THEREOF

Disclosed are magnetic powders, compressed

magnetic powders and a preparation method thereof.
The magnetic powder contains a plate-shaped particle
whose aspect ratio defined in a following relationship 1

[FIG. 1]

is equal to or larger than 4: [relationship 1] aspect ratio
= length of long side of plate-shaped particle/length of
short side of plate-shaped particle.
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Description
BACKGROUND
1. Technical Field

[0001] The presentdisclosure relates to magnetic powders, compressed magnetic powders and a preparation method
thereof.

2. Background

[0002] In general, magnetic materials are used in various devices such as inductors, motor cores, and transformer
cores.

[0003] Magnetic cores, such as rotors and stators included in electrical devices were prepared by stacking, fixing, and
integrating machined steel sheets into several layers.

[0004] Recently, magnetic powders subjected to high pressure molding are used to prepare cores. A method of
preparing the core via the high-pressure molding of the magnetic powders has an advantage of shaping the cores into
various shapes very easily.

[0005] The magnetic powder for preparing the core refers to a powder having magnetic properties when electricity is
applied thereto. The magnetic powder is generally based on Fe-based soft magnetic particles. The magnetic powder
may be prepared by forming an iron-based material into a powder form via a spraying method or a pulverizing method,
and by treating the powder form appropriately.

[0006] The magnetic powder is typically shaped to have a spherical shape having a uniform particle diameter.
[0007] However, in order to shape the magnetic powder into the spherical shape, sophisticated conditions and com-
plicated processes are required. As such, the process for preparing the magnetic powder into the spherical shape is
sophisticated and expensive.

[0008] In addition, the core made using the spherical powder has a problem in that durability thereof is poor because
a tissue thereof is not dense.

[0009] In addition, a technique related to a mixed powder core in which crystalline powders and amorphous powders
are mixed with each other is well known. The mixed powder core may be used in electrical and electronic components
such as inductors. However, a high temperature sintering process cannot be applied to the mixed powder core due to
differences between high temperature properties of the crystalline powder and the amorphous powder contained in the
mixed powder core. Accordingly, the mixed powder core may not be used in a motor that requires strong durability such
as resistance to vibration.

SUMMARY

[0010] One aspect of the present disclosure is to provide a novel magnetic powder that may be prepared at a low cost
and have improved magnetic flux density.

[0011] Further, another aspect of the present disclosure is to provide a novel magnetic powder for preparation of a
motor core having highly dense tissue and high strength.

[0012] Furthermore, another aspect of the present disclosure is to provide a method to easily prepare a new magnetic
powder at a low cost.

[0013] Other aspects and advantages of the present disclosure as not mentioned above may be understood from
following descriptions and more clearly understood from embodiments of the present disclosure. Further, it will be readily
appreciated that the aspects and advantages of the present disclosure may be realized by features and combinations
thereof as disclosed in the claims.

[0014] In order to provide a new magnetic powder that may be prepared at a low cost and have improved magnetic
flux density compared to a conventional magnetic powder, a magnetic powder according to the present disclosure
contains a plate-shaped particle whose aspect ratio defined in a following relationship 1 is equal to or larger than 4:

[relationship 1]
aspect ratio = length of long side of plate-shaped particle/length of short side

of plate-shaped particle.
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[0015] In order to provide a novel magnetic powder used to prepare a motor core having highly dense tissue and high
strength, a magnetic powder according to the present disclosure may further contain a spherical particles having a
diameter of 1 um or smaller.

[0016] In addition, in order to provide a method for easily preparing a new magnetic powder at a low cost, a preparation
method of magnetic powders according to the present disclosure may include converting a slurry containing a magnetic
raw material into droplets; and spraying the droplets onto a rotating plate to prepare plate-shaped particles.

[0017] Effects of the present disclosure may be as follows but may not be limited thereto.

[0018] The magnetic powder according to the present disclosure may contain a plate-shaped particle having a specific
aspect ratio and thus may be prepared at a low cost, and may have improved magnetic flux density.

[0019] Furthermore, the magnetic powder according to the present disclosure may further contain a spherical particle
having a diameter of 1 um or smaller, thereby enabling the preparation of a motor core having a highly dense tissue
and having a high strength.

[0020] Furthermore, the preparation method of the magnetic powders according to the present disclosure may prepare
the plate-shaped particles in a relatively simple manner, thereby easily preparing the new magnetic powder at a low cost.

BRIEF DESCRIPTION OF DRAWINGS

[0021]

FIG. 1 shows a SEM image of plate-shaped particles in magnetic powders in accordance with the present disclosure.
FIG. 2 schematically illustrates an apparatus for preparing plate-shaped particles in accordance with the present
disclosure.

FIGS. 3(a) and 3(b) are schematic diagrams illustrating a compression and sintering process in preparing a com-
pressed powder core in accordance with the present disclosure.

DETAILED DESCRIPTIONS

[0022] For simplicity and clarity of illustration, elements in the figures are not necessarily drawn to scale. The same
reference numbers in different figures denote the same or similar elements, and as such may perform similar functionality.
Furthermore, in the following detailed description of the present disclosure, numerous specific details are set forth in
order to provide a thorough understanding of the present disclosure. However, it will be understood that the present
disclosure may be practiced without these specific details. In other instances, well-known methods, procedures, com-
ponents, and circuits have not been described in detail so as not to unnecessarily obscure aspects of the present
disclosure.

[0023] Examples of various embodiments are illustrated and described further below. It will be understood that the
description herein is not intended to limit the claims to the specific embodiments described. On the contrary, it is intended
to cover alternatives, modifications, and equivalents as included within the scope of the present invention as defined by
the appended claims.

[0024] The terminology used herein is for the purpose of describing particular embodiments only and is not intended
to be limiting of the present disclosure. As used herein, the singular forms "a" and "an" are intended to include the plural
forms as well, unless the context clearly indicates otherwise. It will be further understood that the terms "comprises”,
"comprising"”, "includes", and "including" when used in this specification, specify the presence of the stated features,
integers, operations, elements, and/or components, but do not preclude the presence or addition of one or more other
features, integers, operations, elements, components, and/or portions thereof. As used herein, the term "and/or" includes
any and all combinations of one or more of the associated listed items. Expression such as "at least one of when
preceding a list of elements may modify the entire list of elements and may not modify the individual elements of the list.
[0025] It will be understood that, although the terms "first", "second”, "third", and so on may be used herein to describe
various elements, components, regions, layers and/or sections, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms are used to distinguish one element, component, region,
layer or section from another element, component, region, layer or section. Thus, a first element, component, region,
layer or section described below could be termed a second element, component, region, layer or section, without departing
from the spirit and scope of the present disclosure.

[0026] In addition, it will also be understood that when a first element or layer is referred to as being present "on" or
"beneath" a second element or layer, the first element may be disposed directly on or beneath the second element or
may be disposed indirectly on or beneath the second element with a third element or layer being disposed between the
firstand second elements or layers. It will be understood that when an element or layer is referred to as being "connected
to", or "coupled to" another element or layer, it can be directly on, connected to, or coupled to the other element or layer,
or one or more intervening elements or layers may be present. In addition, it will also be understood that when an element
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or layer is referred to as being "between" two elements or layers, it can be the only element or layer between the two
elements or layers, or one or more intervening elements or layers may also be present.

[0027] Unless otherwise defined, all terms including technical and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the art to which this inventive concept belongs. It will be further
understood that terms, such as those defined in commonly used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the relevant art and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.

[0028] Hereinafter, a magnetic powder, a compressed powder core, and a preparation method thereof according to
the present disclosure will be described in detail.

<Magnetic powder>

[0029] The magnetic powder according to the present disclosure contain a plate-shaped particle whose an aspect
ratio as defined in a following relationship 1 is equal to or larger than 4:

[relationship 1]
aspect ratio = length of long side of plate-shaped particle/length of short side
of plate-shaped particle.

[0030] The magnetic powder containing the plate-shaped particle has a shape magnetic anisotropy compared to that
containing a spherical particle. Accordingly, the magnetic powders containing the plate-shaped particles may have
improved magnetic flux density when aligned in a plane direction.

[0031] The plate-shaped particle according to the present disclosure may have an aspect ratio of about 4 or greater.
When the aspect ratio of the plate-shaped particle is smaller than 4, uniformity of particle diameters may be increased,
which may cause a problem in that a desired shape magnetic anisotropy may not be achieved.

[0032] A material of the magnetic powder according to the present disclosure is not particularly limited. However, the
plate-shaped particle may be preferably made of a crystalline material so that the magnetic powder according to the
present disclosure may be applied to the motor core.

[0033] In one example, the plate-shaped particle may be made of at least one selected from a group consisting of
pure iron, carbonyl iron, Fe-Si-Cr-based alloy, Fe-Ni-based alloy, Fe-Co-based alloy, Fe-V-based alloy, Fe-Al-based
alloy, Fe-Si-based alloy, and Fe-Si-Al-based alloy.

[0034] In one example, the magnetic powder according to the present disclosure may contain a predefined amount
of spherical particles having a small diameter so as to provide a motor core having a dense tissue and high strength.
[0035] The spherical particles may fill a portion of an empty space generated when the plate-shaped particles are
stacked in a plane direction.

[0036] The spherical particle may have a diameter of 1 um or smaller, and more preferably 0.5 wm or smaller. When
the diameter of the spherical particle exceeds 1 um, this may hinder the alignment of the plate-shaped particles in a
plane direction.

<Preparation method of magnetic powder>

[0037] As mentioned above, the magnetic powder according to the present disclosure contains plate-shaped particles.
The present disclosure may provide a method to easily prepare the plate-shaped particles at a low cost.

[0038] Referring to FIG. 2, the preparation method of the magnetic powder according to the present disclosure may
include converting slurry 10 containing magnetic raw material into droplets 11; and spraying the droplets 11 onto a
rotating plate 130 to prepare a plate-shaped particle.

[0039] First, the preparation method of the magnetic powder according to the present disclosure includes converting
the slurry 10 containing the magnetic raw material into the droplets 11.

[0040] The raw material is not particularly limited. In one example, the raw material may include at least one selected
from a group consisting of pure iron, carbonyl iron, Fe-Si-Cr-based alloy, Fe-Ni-based alloy, Fe-Co-based alloy, Fe-V-
based alloy, Fe-Al-based alloy, Fe-Si-based alloy, and Fe-Si-Al-based alloy.

[0041] Referring to FIG. 2, in one embodiment according to the present disclosure, the slurry 10 may be introduced
into a furnace 110 and then the slurry 10 may be converted into the droplets 11 through an outlet 120.

[0042] In another example, a preparation method of the slurry including the raw material, a method of converting the
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slurry into the droplets, and a method of spraying the droplets are not particularly limited, and may be performed using
various known methods.

[0043] Next, the preparation method of the magnetic powder according to the present disclosure includes spraying
the droplets 11 onto the rotating plate 130 to form a plate-shaped particle.

[0044] The droplets 11 may be sprayed onto the rotating plate 130. The droplets 11 may solidify on the plate 130 and
may be converted into the plate-shaped particles.

[0045] Inoneexample, the plate may have a predefined inclination. A degree of the inclination may be suitably selected
as needed.

<Compressed powder core>

[0046] Next, the compressed powder core according to the present disclosure may be prepared by press-molding and
sintering the magnetic powder containing the plate-shaped particles as described above. As described above, the plate-
shaped particle has an aspect ratio of 4 or larger defined by the following relationship 1.

[relationship 1]
aspect ratio = length of long side of plate-shaped particle/length of short side
of plate-shaped particle.

[0047] The compressed powder core according to the present disclosure may be prepared by press-molding and
sintering a stack of plate-shaped particles stacked in a plane direction, and thus may have a very dense tissue and
excellent strength.

[0048] As described above, the material of the magnetic powder according to the present disclosure is not particularly
limited. The material of the magnetic powder may be preferably made of a crystalline material so that the magnetic
powder according to the present disclosure may be applied to the motor core.

[0049] In one example, the plate-shaped particle may be made of at least one selected from a group consisting of
pure iron, carbonyl iron, Fe-Si-Cr-based alloy, Fe-Ni-based alloy, Fe-Co-based alloy, Fe-V-based alloy, Fe-Al-based
alloy, Fe-Si-based alloy, and Fe-Si-Al-based alloy.

[0050] In one example, the magnetic powder according to the present disclosure may contain a predefined amount
of spherical particles having a small diameter so as to provide a motor core having a dense tissue and high strength.
[0051] The spherical particles may fill a portion of an empty space generated when the plate-shaped particles are
stacked in a plane direction.

[0052] The spherical particle may have a diameter of 1 um or smaller, and more preferably 0.5 wm or smaller. When
the diameter of the spherical particle exceeds 1 um, this may hinder the alignment of the plate-shaped particles in a
plane direction.

<Preparation method of compressed powder core>
[0053] Next, the preparation method of the compressed powder core according to the present disclosure may include

pressing the magnetic powder containing the plate-shaped particle having an aspect ratio aspect ratio of 4 or greater
as defined in the following relationship 1, to thereby obtain a molded product, and sintering the molded product:

[relationship 1]
aspect ratio = length of long side of plate-shaped particle/length of short side
of plate-shaped particle.

[0054] The preparation method of the compressed powder core according to the present disclosure may include
pressing the magnetic powder containing the plate-shaped particle to thereby obtain the molded product. The molded
product may be a compressed powder core.

[0055] Referring to FIG. 3(a), it may be seen that the plate-shaped particles are arranged in a plane direction and are
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subjected to the pressure forming to prepare the molded product.

[0056] The magnetic powder in this process may use the same magnetic powder according to the present disclosure.
The magnetic powder may preferably contain a crystalline material, and may further contain the spherical particle having
a diameter of 1 wm or smaller.

[0057] Next, the preparation method of the compressed powder core according to the present disclosure may include
sintering the molded product.

[0058] Referring to FIG. 3(b), the press-molded product may be sintered by applying high temperature heat thereto.
The high temperature sintering may be performed within a temperature range of 1100 to 1400 °C for 1 to 3 hours. The
sintering time duration or temperature is not particularly limited. The high temperature sintering according to the present
disclosure may employ a known sintering method.

[0059] Hereinafter, specific examples of the present disclosure will be described below.

<Examples>
1. Present Example 1
(1) Preparation of magnetic powder

[0060] A crystalline magnetic material composed of carbonyl iron was prepared. A slurry was obtained by mixing 97
parts by mass of the magnetic material, 2.5 parts by mass of an insulating binder composed of an acrylic resin and a
phenol resin, and 0.5 parts by mass of a lubricant composed of zinc stearate with water as a solvent.

[0061] The slurry as obtained was sprayed onto the plate using an apparatus 100 shown in FIG. 2 to obtain plate-
shaped particles. The aspect ratio of each of the plate-shaped particles was in a range of 5 to 6. The aspect ratio was
measured as an average value of the aspect ratios of five particles randomly extracted from the SEM image.

(2) Press-molding

[0062] The obtained magnetic powders were filled into a mold and pressure-molded therein at a surface pressure of
1 to 2 GPa to obtain a molded product having a ring shape having an outer diameter of 20 mm, an inner diameter of 12
mm and a thickness of 3 mm.

(3) Heat treatment and sintering

[0063] The obtained molded productwas positioned in a furnace containing nitrogen airflow atmosphere. A temperature
of the furnace was raised from room temperature at a rate of 2 °C per minute to 600 ° C. Then, the obtained molded
product was subjected to the heat treatment for 2 hours. Thereafter, the temperature was increased at a rate of 2 °C
per minute to at 1300 °C. Then, the molded product was subjected to the heat treatment for 2 hours at 1300 °C, thereby
to obtain a compressed powder core.

2. Present Example 2

[0064] 80% of the slurry of Present Example 1 was composed of plate-shaped particles while 20% thereof was com-
posed of spherical particles to obtain the mixed magnetic powders in which the plate-shaped particles and spherical
particles were mixed with each other. Then, a compressed powder core according to Present Example 2 was obtained
by applying the same molding, heat treatment, and sintering processes as in Present Example 1 to the mixed magnetic
powders.

[0065] In Present Example 2, the spherical particles were obtained from a crystalline magnetic material made of
carbonyl iron and were prepared using a spray dryer apparatus.

3. Comparative Example 1

[0066] An entirety of the slurry of Comparative Example 1 was composed of the magnetic powders made of spherical
particles. A compressed powder core according to Comparative Example 1 was obtained by applying the same molding
and sintering process as in Present Example 1 to the magnetic powders.

[0067] The spherical particles were obtained from a crystalline magnetic material made of carbonyl iron and were
prepared using a spray dryer apparatus.
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<Measurement of Magnetic Properties>

[0068] Magnetic flux densities of the compressed powder cores according to Present Examples 1 and 2 and Compar-
ative Example 1 as obtained were measured. The magnetic flux density of each core was measured by obtaining a
hysteresis curve value using a hysteresis curve meter (AE TECHRON B-H curve tracer) and by calculating the magnetic
flux density from the hysteresis curve.

[0069] Each of Present Examples 1 and 2 exhibited a magnetic flux density of 1.8 T tesla, while Comparative Example
1 exhibited a magnetic flux density of 1.7 T tesla. Accordingly, it may be seen that the core using the magnetic powder
according to the present disclosure has improved magnetic flux density compared to the core using the conventional
magnetic powder.

[0070] Itis to be understood that the aforementioned embodiments are illustrative in all respects and not restrictive.
Further, the scope of the present disclosure will be indicated by the following claims rather than the aforementioned
description. Further, the meaning and scope of the claims will be indicated by the claims.

Claims

1. A magnetic powder comprising:
a plate-shaped particle whose aspect ratio defined in a following relationship 1 is equal to or larger than 4:

[relationship 1]
aspect ratio = length of long side of plate-shaped particle/length of short side of

plate-shaped particle.
2. The magnetic powder of claim 1, wherein the plate-shaped particle is made of at least one selected from a group
consisting of pure iron, carbonyliron, Fe-Si-Cr-based alloy, Fe-Ni-based alloy, Fe-Co-based alloy, Fe-V-based alloy,

Fe-Al-based alloy, Fe-Si-based alloy, and Fe-Si-Al-based alloy.

3. The magnetic powder of claim 1 or 2, wherein the magnetic powder includes a spherical particle having a diameter
of 1 wm or smaller.

4. A method for preparing a magnetic powder, the method comprising:

converting slurry (10) containing a magnetic raw material into droplets (11); and
spraying the droplets (11) onto a rotating plate (130) to form plate-shaped particles.

5. The method of claim 4, wherein the raw material includes at least one selected from a group consisting of pure iron,
carbonyl iron, Fe-Si-Cr-based alloy, Fe-Ni-based alloy, Fe-Co-based alloy, Fe-V-based alloy, Fe-Al-based alloy,
Fe-Si-based alloy, and Fe-Si-Al-based alloy.

6. The method of claim 4 or 5, wherein the rotating plate (130) is inclined in a predefined angle.

7. Acompressed power core obtained by press-molding and sintering magnetic powders, wherein the magnetic powder
contains a plate-shaped particle whose aspect ratio defined in a following relationship 1 is equal to or larger than 4:

[relationship 1]
aspect ratio = length of long side of plate-shaped particle/length of short side of

plate-shaped particle.

8. The compressed power core of claim 7, wherein the plate-shaped particle is made of at least one selected from a
group consisting of pure iron, carbonyl iron, Fe-Si-Cr-based alloy, Fe-Ni-based alloy, Fe-Co-based alloy, Fe-V-
based alloy, Fe-Al-based alloy, Fe-Si-based alloy, and Fe-Si-Al-based alloy.
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9. The compressed power core of claim 7 or 8, wherein the magnetic powder includes a spherical particle having a
diameter of 1 um or smaller.

10. A method for preparing a compressed power core, the method comprising:
press-molding magnetic powders to form a molded product; and
sintering the molded product,

wherein the magnetic powder includes a plate-shaped particle whose aspect ratio defined in a following rela-
tionship 1 is equal to or larger than 4:

[relationship 1]

aspect ratio = length of long side of plate-shaped particle/length of short side of

plate-shaped particle.

11. The method of claim 10, wherein the plate-shaped particle is made of at least one selected from a group consisting
of pure iron, carbonyl iron, Fe-Si-Cr-based alloy, Fe-Ni-based alloy, Fe-Co-based alloy, Fe-V-based alloy, Fe-Al-
based alloy, Fe-Si-based alloy, and Fe-Si-Al-based alloy.

12. The method of claim 10 or 11, wherein the magnetic powder includes a spherical particle having a diameter of 1
wm or smaller.
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[FIG. 1]
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[FIG. 2]
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